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Reconstruction of E. coli Metabolism
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$- compartmentalized reconstruction (distinct periplasm)
+ extensive cell wall metabolism (phospholipids, murein, LPS)
* reaction thermodynamics

+ alternate carbon utilization
* quinone characterization
* elemental and charge balancing

& reactions

A genes
[l metabolies

« fatty acid metabolism
+ expanded cellular transport systems
+ used genome as a scaffold

| * cell wall constituent biosynthesis
« cofactor biosynthesis

* amino acid and
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#1 Pathways operate as e ements
of a network

We can now describe metabolism at a
genome level
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Top-down view of regulation

#2. Regulation of expression: shrinking
solution space
— Need TRN reconstructed -- now

#3:. Regulation of activity: location within
a shrunken solution space

— Sampling -- future
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Extreme Pathways and Regulatory Constraints

Ps
oS

Consi der the
entire sol ution
space of a
nmet abol i ¢
net wor k, bounded
by extrene
umm@?&ﬂr‘éﬁé’% D!:e)g:lé - P4...

Department of Bioengineering

P1 is not
permtted due to

regul atQry
Cor‘

One or nore of
t hese pat hways
may not be
f easi bl e,
dependi ng on the
envi ronnent and
correspondi ng
regul atory
ef f ects..

This |l eads to a
reduced
sol ution space
bounded by
f ewer extrene

pat hways

Systems Biology Research Group
http://systemsbiol ogy.ucsd.edu




Transcription: RNAP & TFs

RNA polymerase

Transcription factors (TFs) Blucons _lactoss
bind to specific binding sitesin  + 9= e basal
the promoter region of a gene I

After binding to DNA, TFs '

either enhance or disrupt RNA 9%, polymerase =
polymerase binding to DNA e activated

off

ory Press, Chapter 1, Figure 3



Drill-down Studies on E. coll
Transcriptional Sub-networks

Condition Regulator(s) Target Functionality Target Locus
Niirate NarLNarP Glycolylic Pathways tpl, pfkA, pflAB, focA, mdhA,
aceAB, aceEF, pykF, sno, pgmA

Niirate NarLNarP Hydroxylamine Reductase ybjw

Niirate NarL/NarP Methyiglyoxal Synthesis mgsA

Niirate NarLNarP Molybdopterin Blosynthesis mosABCDE, mogAB, mosAB

Niirate NarLNarP OB and O4-methyiguanine-DNA methyliransferase ogt

Niirate NarLNarP Threonine Degradstion kbl, tdh

Oxygen ArcA/Fnr Aceiaie Metiabollsm ackA, acnAB, acs, giA, mdhA, pia

Oxygen ArcA/Fnr Faity Acld Meiabolsm fadL, fadD, fadE, fadBA, fadlJ, stoSBDA
— L ATCK Suiaciose-Transport TGRS

Oxygen ArcA/Fnr Glycerol Mstabolsm gldA, ugpABCEQ, gipABC, gipD

Oxygen ArcA Glycerol Transport ugpBAECQ

Oxygen Fnr Glycolylic Pathways pykA, pgmA

Oxygen ArcA/Fnr Methionine Degradstion yoaA

Oxygen ArcA Nucleotide Mstabolism nudE

Oxygen Fnr Peptide Degradstion pepE

Oxygen ArcA Potassium Transport kef®

Oxygen ArcA/Fnr a-Ketoglutarste Transport kgtP

OxygenNirate  ArcA/Fnr, NarL/NarP  Acstohydroxybutanoate Synthesis IMN, IvB

OxygenMNirate  ArcA/Fnr, NarLNarP  Allsmative DMSO Respiratory Pathway yrfEFGH

OxygenNirate  ArcA/Fnr, NarL/NarP  Aspariste-Asparagine interconversion aspA

OxygenMNirate  ArcA/Fnr, NarLNarP  Betaine Blosynthesis betABI, proP

Oxygen/Nirate ArcA/Fnr, Narl/NarP  Curll (Amyiold) Synthesis csgABDEF®G, crl

OxygenMNirate  ArcA/Fnr, NarlNarP  Follc Acld Blosynthesls folE

OxygenMNirate  ArcA/Fnr, NarLNarP  Glucose Degradation ged

OxygenNirate  ArcA/Fnr, NarL/NarP  Nucleotide Mstabolism udhA

OxygenNirate  ArcA/Fnr, NerLNarP  Oligopeptide Transport oppABCDF, cstA

OxygenMNirate  ArcA/Fnr, NarL/NarP  Stationary Phase/ Siress Response rpoS, crl. yjaE

OxygenMNirate  ArcA/Fnr, NarLNarP  Superoxide Responss 80XS, reiABCDGE

Oxygen/Nirate  ArcA/Fnr, NarL/NarP  Thiamin Blosynthesis thiC




#4. can get the necessary data for
g/s reconstruction of TRN
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MC1010 — Hierarchy of regulator

global regulators

major regulators

minor regulators

target genes
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Integrating metabolism and TRN
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R-Matrix Formalism

e quasi-stoichiometric formalism

e astructured and self-contained
representation of Transcriptional
Regulatory Network (TRN)

can be quantitatively interrogated relying
on the principles of the constraint-based
modeling approach
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Where Is this going (short-term)?

E. coli Regulatory Network Reconstruction:

640 regulated
genes

95 metabolites,
101 transcription
factors,

26 reaction
fluxes,

14 specific
environmental
factors

. D 3 levels of
University of California, San Diego ] ]
Department of Bioengineering tranSCFIptIOH




#5: mathematical formalisms are
developing that Integrate

metabolic and TRN at the g/s
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Global Regulatory Response

cAMP Production
(SNP_in LA & LE)
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Causation in Biology:
new approaches to strain design

Proximal
(now) F_uture:
Self-optimizing strain
(continuous processing?)
production
rate

Current:

Unstable strains
(batch processing,
cell line banks)

Distal (evolutionary)



#6. we can re-sequence to study
the genetic basisfor TRN

adaptation at the g/s
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Conclusions/issues

M etabolic reconstruction methods established
Conceptual framework fro TRNs function at g/s in place

Technology now available for direct measurement of
TRN eventson g/s

180 putative TF in E. coli -- expensive

In silico methods to assemble, analyze the data are
developing

e Integration with metabolism possible

e Thegenetic basis for adaptation can now be monitored
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